Binding of concanavalin A (Con A) to the lymphocyte surface at room temperature leads to restriction of the mobility of a variety of cell surface receptors including those for immunoglobulin (Ig), 0, H-2,
sence of ligands specific for these receptors. Receptors binding Limulus hemagglutinin and wax bean agglutinin, as well as those interacting with carbohydrate-specific antibodies, were partially co-capped with Con A but receptors for wheat germ agglutinin were not co-capped, excluding the possibility that restriction of receptor mobility by Con A resulted simply from cross-linkage of mobile receptors to immobilized glycoproteins (Con A receptors). Latex beads and platelets coupled to Con A were bound to lymphocytes under the same conditions as free Con A. Binding of these particles to local regions of the cell surface resulted in restriction of the mobility of those receptors that could be co-capped with free Con A. In contrast to the findings with free Con A, however, addition of colchicine resulted in capping of the bound particles but did not cause co-capping of either the unbound Con A receptors or other receptors. These findings support the hypothesis that modulation occurs via a submembranous assembly containing microtubules, and they further suggest that the transitions of this assembly induced locally by Con A may be propagated via cooperative processes.
Cell surface receptors that are laterally mobile in the cell membrane can be induced to cluster by multivalent ligands (1) . In a metabolically active. cell, these clusters or patches are subsequently collected into a cap at one pole of the cell (1) . We have shown that patching (and therefore capping) of a variety of receptors and surface antigens can be reversibly inhibited by binding of concanavalin A (Con A) to the cell surface (2, 3) . This inhibition can be reversed by colchicine and related drugs (4) . Based on these and other findings (5, 6), we have proposed that cross-linkage of certain cell surface receptors can modulate the movement of other receptors via alterations in a cytoplasmic assembly consisting of microtubules and microfilaments (7) .
Recent experiments in our laboratory have revealed that Con A bound to cells in the presence of colchicine forms caps that also contain a variety of specific receptors. This coAbbreviations: Con A, concanavalin A; Ig, immunoglobulin; anti-Ig, rabbit Ig directed against mouse Ig; BSA, bovine serum albumin; DNP-BGG, dinitrophenylated bovine gamma globulin; fl-, fluorescein labeled; TMR-, tetramethyl rhodamine labeled; PBS, phosphate-buffered saline, pH 7.4; B-cell, bone marrow-derived lymphocyte; T-cell, thymus-derived lympho- (2) . DBA/2J and Balb/c mice (Jackson Labs., Bar Harbor, Me.) were used as sources of spleen cells for certain of the experiments. The medium used for cell suspensions was generally phosphatebuffered saline, pH 7.4-bovine serum albumin (PBS-BSA) (2) ; PBS alone was used for experiments with Con A-latex beads.
Fluorochrome-Labeled Materials and Fluorescence Microscopy. Rabbit anti-mouse Ig, rabbit anti-mouse ,u chain, rabbit anti-mouse oy chain, mouse anti-H-2d (DBA/2J) from DBA/ 1J (H-28) X LP RIII/Sn (H-2r) mice, anti-O (C3H) from AKR mice, rabbit anti-dinitrophenyl bovine immunoglobulin (anti-DNP-BGG), goat anti-rabbit Ig, rabbit anti-wheat germ agglutinin, carbohydrate-specific antibodies (9) , and Con A were conjugated with fluorescein isothiocyanate or tetramethylrhodamine isothiocyanate by conventional methods (2) . Lectins from wheat germ, white pea, small California white beans, Idaho red beans, and wax beans as well as Limulus hemagglutinin were purified by affinity chromatog- ,ug/ml of Con A at 20°for 30 min. Unbound Con A was removed by washing with PBS and large aggregates of platelets were removed by differential centrifugation. The glutaraldehyde-treated platelets showed yellow to red autofluorescence that disturbed the observations in the fluorescence microscope, particularly when tetramethyl rhodamine was used. Using l25Ilabeled Con A (specific activity 4.3 X 106 cpm/mg), it was determined that on the average each glutaraldehyde-treated platelet bound 4 X 105 tetrameric Con A molecules. 2 X 108 Con A platelets labeled with '?-I and suspended in 1 ml of PBS-BSA released 5% of their total radioactivity into the medium during incubation at 370 for 1 hr. The released radioactivity corresponded to 0.7 ,ug of Con A, too low an amount of free Con A to account for the effects of Con A platelets on lymphocytes (2, 3). ,ug/ml. (Fig. 1) . The variation of the staining patterns of the second fluorochrome (TMR) with varying doses of fl-Con A is shown in Fig. 2 Table 2 . The distribution of Con Aplatelets was relatively uniform over the entire cell surface on cells to which more than 10 Con A-platelets were bound (see Fig. 3a and b) . No rebinding of released soluble Con A molecules to lymphocytes was detected, as shown by the fact that fl-anti-Con A stained only the Con A-platelets but not the lymphocyte surfaces. The surface areas that were not occupied with Con A-platelets had unoccupied receptors for Con A, for these portions of the cell surface could be strongly stained with fl-Con A.
Con A-latex beads were also specifically bound to lymphocytes in PBS. The number of Con A-latex beads bound to individual cells varied greatly but the binding patterns of cells with Con A-latex beads were essentially the same as those with Con A-platelets. For most cells, the Con A-latex beads were distributed randomly over the cell surface (Fig. 3e  and f) .
Inhibition of Patch and Cap Formation by Bound Con A Particles. The effect of binding of Con A-platelets on patch (a,b) and Con A-latex beads (e,f) on untreated cells. Polar distributions of Con A-platelets (c,d) and Con A-latex beads (g,h) observed when colchicine-treated lymphocytes were incubated with these particles. and cap formation induced by fl-anti-Ig was examined in detail. Lymphocytes preincubated with Con A-platelets under the conditions described above were incubated with fl-anti-Ig (100 /Ag/ml) at 370 for 15 min and the frequency of patch and cap formation was determined. Among 156 cells to which more than 10 Con A-platelets were bound, only seven cells showed cap formation with fl-anti-Ig (Table 2) , whereas, cell populations that were not treated with Con A-platelets showed high percentages of cap formation ( Table 3 ). Lymphocytes that bound small numbers of Con A-platelets exhibited relatively high percentages of cap formation (Table 2) ; this contrasts strongly with the inhibition of cap formation induced by flanti-Ig on cells to which a large number (n > 10) of Con Aplatelets were bound. A similar inhibition of patch and cap formation by Con A-platelets was observed for redistributions of H-2 antigens and Fc receptors.
When Con A-platelets and fl-anti-Ig were added simultaneously to the cells, no inhibition of patch and cap formation by Ig receptors was observed. A precise quantitative estimation of the redistribution of surface Ig could not be determined on about 30% of B lymphocytes to which very large numbers of Con A-platelets were bound because in some cases the autofluorescence of bound Con A-platelets interfered with the distinction between patches, caps, and a diffuse distribution of fl-anti-Ig. Capping induced with anti-Ig was inhibited on cells that bound Con A-latex beads, and in this case, the estimation was also somewhat biased by a small amount of fluorescent antibody that was adsorbed onto the beads. As shown in Table 3 , the efficacy of inhibition was somewhat greater than that achieved by binding the cells to a Con A-derivatized nylon fiber (8) ; this may result from the fact that the Con Aparticles form contacts with multiple points on the cell surface.
Redistribution of Con A-Platelets and Latex Beads on Colchicine-Treated Cells. In contrast to the random distribution of Con A-platelets on normal lymphocyte surfaces, colchicinetreated cells showed polar-distributions of Con A-platelets on their surfaces (Fig. 3c and d) . This polar-distribution was not observed when colchicine-treated cells were incubated with the Con A-platelets in the presence of 10-6 valinomycin. The presence of 0.05 M NaN3 also strongly reduced the number of cells showing polar distributions of bound Con A-platelets. Removing the NaN3 from the medium increased the number of cells showing polar distributions but did not reduce the number of bound Con A-platelets. These results indicate that Con A-platelets were initially bound randomly to cells and were then redistributed into caps on metabolically active, colchicine-treated cells.
Colchicine treatment of lymphocytes with bound Con Alatex beads also reversed their inhibitory effect on receptor mobility without reducing the number of Con A-latex beads bound to the cells (Fig. 3g and h ). The number of cells showing polar-distributions of Con A-latex beads was greatly increased by colchicine treatment. It was found that a greater surface area was covered by Con A-latex beads in polar distributions than that covered by Con A-platelets in similar distributions. Even after colchicine treatment, few pear-shaped or hand mirror-shaped cells were observed among lymphocytes that bound Con A-latex beads.
Failure of Redistributed Con A Particles to Induce Co-Capping. Splenic lymphocytes from Balb/c mice were incubated with Con A-platelets in the presence of colchicine and the distributions of Ig, ,g chains, H-2, and Fc receptors were determined on those cells showing polar distributions of Con Aplatelets. Although the binding of Con A-platelets resulted in inhibition of the mobility of these receptors, it was observed that redistribution of Con A-platelets after colchicine treatment failed to co-cap the other receptors. The area of the cell surface that was packed with Con A-platelets showed autofluorescence as described above and, therefore, the staining patterns of this area could not be determined. Nevertheless, the remainder of the cell surface showed staining for Ig, Au chains, H-2, and Fc receptors when tested with the appropriate specific fluorescent reagents. This failure to induce cocapping is in sharp contrast to the results observed with free Con A.
DISCUSSION
These experiments were designed to examine the possibility that inhibition of receptor mobility by Con (7) . The most powerful argument in support of this hypothesis is that local attachment of cells to Con A-platelets and Con A-latex beads, or to Con A-derivatized nylon fibers (8) , inhibits receptor mobility despite the fact that the majority of Con A receptors and receptors of other specificities do not interact with these specifically derivatized solid-phase surfaces. Furthermore, the induction of capping of these bound particles in the presence of colchicine failed to induce co-capping of other receptors including the majority of Con A receptors. A second but weaker argument against direct cross-linkage as an explanation of mobility restriction is that this restriction can occur effectively at doses of Con A (2, 3) lower than those required to co-cap most other receptors. Finally, it should be noted that the mobility of receptors for wheat germ agglutinin was restricted by the binding of free Con A but these receptors were not cocapped with Con A receptors after addition of colchicine.
Fluorescence microscopy revealed that the major portion of the Con A receptors was not redistributed upon attachment of Con A-particles. Only after treatment with colchicine were the platelets or latex beads redistributed; this is in agreement with previous results using free Con A. In contrast to these results with free Con A, however, most of the Con A receptors remained diffusely distributed after "capping" of the particles. When colchicine-treated cells were incubated first with Con Aplatelets and subsequently with fl-anti-Ig, the direction of capping of the Con A-platelets and anti-Ig was the same. If flanti-Ig was omitted, however, the surface Ig molecules remained diffusely distributed, whereas the Con A platelets assumed a polar distribution. It is interesting to note that this coincidence in the location of Con A molecules and surfaceIg-anti-Ig complexes on colchicine-treated cells was not observed when Con A fibers were used (8) . In this case, the direction of cap formation induced by anti-Ig was random in relation to the region of contact of the cell with the fiber. In contrast to observations with Con A fibers, but in agreement with the present results, Loor the equivalent of 20 ,ug/ml of active Con A, a major fraction of the cell surface would be covered by ferritin-Con A molecules (6).
An alternative explanation of co-capping is that binding of Con A followed by capping in the presence of colchicine "entrains" single receptors into the forming cap in the absence of external cross-linkage. One test to discriminate between external cross-linkage and entrainment is to check for "copatching" of Con A and univalent Fab fragments of anti-Ig in cells that have been treated with NaN3 and are therefore unable to cap. "Co-patching" would definitely favor the notion that external cross-linkage via Con A is the origin of cocapping. In any case, the results of the co-capping experiments reported here are in marked contrast to those (13, 14) obtained with other ligands such as anti-Ig, all of which induce independent capping of their corresponding receptors.
Whatever the explanation of co-capping, the results obtained here strongly favor the involvement of a cytoskeletal structure that functions to modulate receptor mobility (6, 7) . Perhaps the most striking feature of the present experiments is the indication that modulation by such an assembly can be induced by local binding of Con A. The postulated alteration in the state of this assembly would obviously have to be global despite the fact that the original signal induced by binding is local. This suggests either that the alteration involves large, propagated, cooperative transitions in various components of the assembly, or that catalytic processes are involved. At present, we favor a cooperative mechanism. An investigation of the rates and metabolic requirements of this propagated modulation of the cell surface should clarify this issue, which has a variety of implications for our understanding of the control of cell movement, of surface-to-cytoplasmic signaling, and of cell growth.
